Background: The administration of low-dose intravenous immunoglobulin G (IVIgG) (5 g/day for 3 days; approximate total 0.3 g/kg) is widely used as an adjunctive treatment for patients with sepsis in Japan, but its efficacy in the reduction of mortality has not been evaluated. We investigated whether the administration of low-dose IVIgG is associated with clinically important outcomes including intensive care unit (ICU) and in-hospital mortality. Methods: This is a post-hoc subgroup analysis of data from a retrospective cohort study, the Japan Septic Disseminated Intravascular Coagulation (JSEPTIC DIC) study. The JSEPTIC DIC study was conducted in 42 ICUs in 40 institutions throughout Japan, and it investigated associations between sepsis-related coagulopathy, anticoagulation therapies, and clinical outcomes of 3195 adult patients with sepsis and septic shock admitted to ICUs from January 2011 through December 2013. To investigate associations between low-dose IVIgG administration and mortalities, propensity score-based matching analysis was used. Results: IVIgG was administered to 960 patients (30.8%). Patients who received IVIgG were more severely ill than those who did not (Acute Physiology and Chronic Health Evaluation (APACHE) II score 24.2 ± 8.8 vs 22.6 ± 8.7, p < 0.001). They had higher ICU mortality (22.8% vs 17.4%, p < 0.001), but similar in-hospital mortality (34.4% vs 31.0%, p = 0.066). In propensity score-matched analysis, 653 pairs were created. Both ICU mortality and in-hospital mortality were similar between the two groups (21.0% vs 18.1%, p = 0.185, and 32.9% vs 28.6%, p = 0.093, respectively) using generalized estimating equations fitted with logistic regression models adjusted for other therapeutic interventions. The administration of IVIgG was not associated with ICU or in-hospital mortality (odds ratio (OR) 0.883; 95% confidence interval (CI) 0.655-1.192, p = 0.417, and OR 0.957, 95% CI, 0.724-1.265, p = 0.758, respectively).
Background
To decrease the high mortality associated with sepsis [1] , various adjunctive therapies have been suggested. The administration of low-dose intravenous immunoglobulin G (IVIgG) (5 g/day for 3 days, total 15 g) is widely used as an adjunctive therapy for patients with sepsis in Japan [2] . This practice was approved for clinical use based on a randomized controlled trial (RCT) by Masaoka et al. in 2000 [3] showing beneficial effects in septic patients. In this study, the administration of IVIgG, even at a low dose, was associated with earlier improvement of clinical signs and symptoms of sepsis. Although this study had a relatively large sample size (n = 682), it was not sufficiently powered for important outcomes including mortality, with a follow-up of only 7 days. Since that time, no high-quality studies have examined the efficacy of low-dose IVIgG in patients with sepsis. To investigate the association between the administration of low-dose IVIgG (5 g/day for 3 days) and clinically important outcomes in patients with sepsis (with or without septic shock), we reviewed a large Japanese database.
Methods
This study is a post-hoc analysis of the database of the Japan Septic Disseminated Intravascular Coagulation (JSEPTIC DIC) study (University Hospital Medical Information Network Individual Clinical Trials Registry (UMIN-CTR000012543, http://www.umin.ac.jp/icdr/index-j.html). This study followed the principles of the Declaration of Helsinki and was approved by the Institutional Review Board of each participating hospital (Additional file 1: Table S1 ). Because of the anonymous and retrospective nature of this study, the board of each hospital waived the need for informed consent.
The JSEPTIC DIC study was conducted using data from 42 intensive care units (ICUs) in 40 institutions throughout Japan [4] . We reviewed all patients admitted to ICUs between January 2011 and December 2013 for the treatment of sepsis (formerly defined as severe sepsis by the International Sepsis Definitions Conference criteria, 2003 [5] ). Patients younger than 16 years old and patients who developed sepsis after their ICU admission were excluded.
The following data were collected: ICU characteristics (number of beds, ICU model, preference for disseminated intravascular coagulation (DIC) therapy), age, gender, weight, admission route to the ICU, Acute Physiology and Chronic Health Evaluation (APACHE) II score, preexisting organ dysfunction (using chronic health evaluation score in APACHE II), pre-existing hemostatic disorders, Sequential Organ Failure Assessment (SOFA) score (days 1, 3, and 7), systemic inflammatory response syndrome (SIRS) score (days 1, 3, and 7), primary infection site, blood culture results, microorganisms responsible for sepsis, daily results from laboratory tests during the first week after ICU admission, serum lactate levels (days 1, 3, and 7), administration of adjunctive medications (including anti-DIC drugs, other anticoagulants, IVIgG, and low-dose steroids) during the first week after ICU admission, transfusion volume (red blood cell (RBC) concentration, fresh frozen plasma (FFP), platelet concentrate) and bleeding complications during the first week after ICU admission, therapeutic interventions including surgical interventions at the infection site, renal replacement therapy, renal replacement therapy for non-renal indications, polymyxin B direct hemoperfusion, plasma exchange, extracorporeal membrane oxygenation (ECMO), and intra-aortic balloon pump use during the first week after ICU admission, duration of mechanical ventilation, vasoactive drugs and renal replacement therapy use up to 28 days after ICU admission, and ICU mortality and in-hospital mortality.
Statistical analysis
Data are expressed as number (%), or median (interquartile range (IQR)), as appropriate. Patients who received IVIgG were compared with patients who did not receive IVIgG. To estimate the association between IVIgG therapy and mortality rates (ICU mortality and in-hospital mortality), multivariable logistic regression modeling and propensity score matching were used. We performed 1:1 nearest neighbor matching without replacement between the IVIgG and no-IVIgG groups based on estimated propensity scores for each patient. For propensity score matching, a caliper was set at 20% of the standard deviation of the logit of the propensity score. To calculate a propensity score, we fitted a logistic regression model for IVIgG administration adjusted for the following factors: ICU characteristics, age, gender, weight, admission route to the ICU, pre-existing organ dysfunction, pre-existing hemostatic disorders, APACHE II score, SOFA score of each organ on day 1, SIRS score on day 1, primary infection site, blood culture results (positive, negative, or not taken), causative microorganisms, surgical interventions to the infection source, and laboratory test results (white blood cell count, platelet count, hemoglobin level) on day 1. Other laboratory data collected (including fibrinogen, fibrin/fibrinogen degradation products, D-dimer, anti-thrombin, and lactate) were not used to estimate the propensity score since the proportion of missing data was >10%. Other therapeutic interventions were not included for the estimation of the propensity score because timing data of those interventions were not recorded in the database. Standardized difference was used to evaluate covariate balance, and an absolute standardized difference of >10% represents meaningful imbalance. To make the results more robust, we used generalized estimating equations fitted with logistic regression models in the matched groups to assess the association between IVIgG and mortality adjusting for clustering within hospitals and other therapeutic interventions which were not used to estimate the propensity score (anti-thrombin, recombinant human thrombomodulin, heparinoid, protease inhibitor, low-dose steroid, renal replacement therapy, renal replacement therapy for non-renal indications, polymyxin B direct hemoperfusion, plasma exchange, venoarterial ECMO, veno-venous ECMO, intra-aortic balloon pump, and the volume of transfusion (RBC, FFP, platelet concentrate)).
The database does not include the exact timing of administration of IVIgG within the first week. The timing of administration in some patients might be better correlated with severity on day 2 or later. To adjust the severity within the first week, we added a supplemental analysis, using generalized estimating equations fitted with logistic regression models adjusting for clustering within hospitals, other therapeutic interventions, and SOFA score (each organ score) on days 3 and 7.
The survival curve was generated by the Kaplan-Meier method and hazard ratios for administration of IVIgG were estimated using the multivariable Cox regression model. Univariate differences between groups were assessed using the Mann-Whitney U test for continuous variables and chi-square test or Fisher's exact test for categorical variables.
Interaction between high (29 and over, highest interquartile range) and low (less than 29) APACHE II score groups was tested using the Breslow-Day statistic in matched groups created by propensity score. Interactions between immunodeficiency and effects of IVIgG were evaluated by subgroups with and without immunodeficiency in the same way. A p value of 0.05 was considered statistically significant. All analyses were performed using IBM SPSS Statistics version 22 (IBM Corp., Armonk, NY, USA).
Results
This database included 3195 patients, of which 3118 patients with no missing data on day 1 were enrolled. Propensity scores were estimated from these patients. Table 1 shows the characteristics of ICUs and patients in this study. IVIgG was administered to 960 patients (30.8%). IVIgG was used more often in larger ICUs, with an intensivist co-management model, and institutional preference to administer active DIC treatment. Patients who received IVIgG were younger, more severely ill (higher APACHE II, SOFA scores) and had lower platelet counts than those who did not. IVIgG was used more often in patients who were immunocompromised, had intra-abdominal infections, infection with gram-positive cocci, and needed surgical/nonsurgical drainage. After propensity score matching between the IVIgG and control groups, 653 pairs were obtained and baseline characteristics were well balanced between the groups ( Table 1) .
The proportion of patients receiving adjunctive interventions was compared between the groups treated with and without IVIgG ( Table 2 ). Patients given IVIgG required larger volumes of transfusion and also used more adjunctive therapies including anti-DIC medications (antithrombin, recombinant human soluble thrombomodulin, heparinoid, protease inhibitor), low-dose steroids, renal replacement therapy for non-renal indications, polymyxin B direct hemoperfusion, and plasma exchange before propensity score matching. The proportion of patients receiving heparinoid and plasma exchange did not differ between the groups after propensity score matching; however, other adjunctive interventions and transfusions were used more in the IVIgG group.
Before propensity score matching, ICU mortality was significantly higher in the IVIgG group (22.8% vs 17.4%, p < 0.001), and in-hospital mortality was higher in the IVIgG group, but did not differ statistically (34.4% vs 31.0%, p = 0.066). After propensity score matching, ICU mortality and in-hospital mortality (21.0% vs 18.1%, p = 0.185, and 32.9% vs 28.6%, p = 0.093, respectively) were not significantly different between the groups (Table 3) . The duration of mechanical ventilation, use of vasoactive drugs and renal replacement therapy, and length of ICU stay were longer in the IVIgG group, but the length of hospital stay was similar between the groups before and after propensity score matching. To assess the association of other therapeutic interventions and mortality, we used generalized estimating equations fitted with logistic regression models in the propensity score-matched groups. In this adjusted model, IVIgG was not associated with a decrease in either ICU or in-hospital mortality (odds ratio (OR) 0.883, 95% confidence interval (CI) 0.655-1.192, p = 0.417, and OR 0.957, 95% CI 0.724-1.265, p = 0.758, respectively) ( Table 4) . Supplemental analyses (generalized estimating equations fitted with logistic regression models adjusting for clustering within hospitals, other therapeutic interventions, and SOFA score on days 3 and 7) also showed that IVIgG was not associated with ICU mortality or in-hospital mortality (Additional file 1: Tables S2 and S3). 
Laboratory data day1
White blood cell count (10 9 /l) 10.6 (3.3-17.9) 11.5 (5. Figure 1 shows Kaplan-Meier survival curves, and Cox regression analysis revealed no significant difference in the in-hospital survival after ICU admission between the propensity score-matched groups (hazard ratio (HR) 0.941, 95% CI 0.765-1.158, p = 0.566).
Interactions between high APACHE II score (29 and over, highest interquartile range in propensity scorematched groups) and IVIgG administration, and interactions between immunodeficiency and IVIgG use and mortality were also evaluated. There were no interactions between high APACHE II score and IVIgG use on ICU mortality (p value for interaction = 0.095), and in-hospital mortality (p value for interaction = 0.218). There was no interaction between immunodeficiency and IVIgG use on ICU mortality (p value for interaction = 0.247), or inhospital mortality (p value for interaction = 0.378).
Discussion
This is the first large cohort study to evaluate the association between low-dose IVIgG and clinically important outcomes in patients with sepsis and septic shock in Japan. Propensity-matched analysis shows that low-dose IVIgG administration (total 15 g: approximate total 0.3 g/kg) is not associated with a decrease in either ICU mortality or in-hospital mortality. Interactions between high APACHE II score and between immunodeficiency and IVIgG use were not detected with mortality. Recently, Tagami et al. [6] reported similar results from a large nationwide database (n = 8264) showing that the use of low-dose IVIgG does not reduce mortality in patients with septic shock and pneumonia undergoing mechanical ventilation. They also reported a lack of effect of low-dose IVIgG in patients undergoing mechanical ventilation with septic shock who underwent laparotomy for lower gastrointestinal perforations [7] . These studies used the database of the Japanese Diagnosis Procedure Combination which includes administrative claims and discharge abstract data, but does not include severity scores such as the APACHE II or SOFA scores. The database used in the present study includes more clinically relevant indices which potentially reflect outcomes. The large database used by Tagami et al. and the more clinically relevant database used in this study both support the recommendation against the use of IVIgG in the Surviving Sepsis Campaign 2016 [8] .
Several reasons can be postulated why the present study failed to show a benefit of low-dose IVIgG administration. First, IVIgG may not reduce mortality, although IVIgG has several theoretical advantages in the treatment of patients with sepsis. The mechanisms of these advantages are multifaceted, including pathogen recognition, clearance, and toxin scavenging. IVIgG preparations may have beneficial effects on the host response to infection [9, 10] . However, the current consensus does not favor the use of IVIgG [8] .
There were two RCTs with a relatively large sample size (>500 patients) to evaluate the efficacy of IVIgG in the treatment of patients with sepsis. The SBITS study was conducted in Germany, and showed that the administration of 0.9 g/kg IVIgG (0.6 g/kg day 1; day 2, 0.3 g/kg; total 0.9 g/kg) did not decrease the 28-day mortality in patients with severe sepsis [11] . This study also reported a shortened duration of mechanical ventilation in the IVIgG group. The SBITS study was well designed with a large sample size (n = 653), but failed to show beneficial effects of IVIgG on mortality. Another large RCT (n = 682) was performed in Japan in 2000 by Masaoka et al. [3] and reported that the administration of low-dose IVIgG (5 g/day for 3 days) to patients with sepsis (most patients included were immunocompromised with hematologic diseases) resulted in earlier improvement of clinical parameters and recovery. The study had a large sample size, but many limitations. There was no placebo group, and intentionto-treat analysis was not used. The effects of IVIgG on survival were not examined in that study. A Cochrane database of systematic reviews showed that the administration of IVIgG is associated with a significant reduction in mortality in patients with sepsis compared with placebo or no intervention (relative risk 0.81, 95% CI 0.70-0.93), but sensitivity analysis of trials with a low risk of bias showed no reduction in mortality with IVIgG in adults (relative risk 0.97, 95% CI 0.81-1.15; five trials, n = 945) [12] . These clinical data did not suggest a beneficial effect of IVIgG on mortality in patients with sepsis.
Second, the dose of IVIgG given may be insufficient in patients with sepsis. Turgeon et al. [13] reported in a meta-analysis that regimens using 1 g or more per kilogram, duration of therapy longer than 2 days, and use of IVIgG in more severely ill patients is associated with increased survival [13] . The dose of IVIgG given in the present study is approximately 0.3 g/kg, which is the lowest among the 20 RCTs used in the meta-analysis.
This study has several acknowledged limitations. Data regarding the administration of IVIgG during the first week after ICU admission is limited to a binary condition (yes or no). The exact timing, dose, and duration of administration of IVIgG was not available in the database. The timing of administration in some patients might be better correlated with severity on day 2 or later. To adjust the severity within the first week, we added supplemental analyses and the results were not changed. We could not evaluate the effect of IVIgG administered after the first week. Some institutions may have administered larger or smaller doses of IVIgG than 5 g/day for 3 days. However, the average dose of IVIgG administered in this database may be close to 15 g, since no more than 5 g/day for 3 days is the dose approved (and reimbursed) by the Ministry of Health, Labor and Welfare in Japan. Second, the retrospective nature of this study may introduce residual confounding factors not accounted for by the propensity matching analysis. Although this database has a large number of clinically relevant factors potentially affecting the outcomes of patients with sepsis, residual confounding (Table 2 ). In the propensity score analysis, we did not include those interventions because whether other interventions were administered before or after the administration of IVIgG is unknown.
To compensate for this limitation, we added multivariable logistic regression analysis including adjunctive therapeutic interventions as independent variables, which resulted in negative results (Table 4) . Although the possibility of reverse causality cannot be excluded, the effect of adjunctive interventions appears to be minimal. Fourth, interactions between high APACHE II score, immunodeficiency, and the effects of IVIgG on mortality cannot be totally excluded. In this context, we added an analysis of those interactions, with negative results.
Conclusions
In this large cohort of patients with sepsis (with or without septic shock), the administration of low-dose IVIgG (approximate total 0.3 g/kg) as adjunctive therapy was not independently associated with ICU or in-hospital mortality. Based on the results of this study and previous ones, the clinical indications for the use of low-dose IVIgG in patients with sepsis cannot be recommended at this time.
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